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1. Introdu ctio n
Clo ud- radiatio ninte r a ctio n shav ebe erl C O n Slde r ed a 8 O n e Oft he most critic al a r e a sin
glob alcllm ate cha nge r e 8 e a rCh･ T he effe ct ofclo uds o nthe e n e rgybudget ofthe e a rth ls ln the
w ay ofc o oling effe ct by r efle ctlng s ola r r adlatlo n a nd w a r ming effe ct by pr e v e nting the e a rth-
e mltted long- w ave r adiatio n. To stu dy clo ud effe cts o n clim ate. w e ofte n u s et he te r m of cloud
r adiativ efo r cin g w hlch ls defin ed a sthe flu xdiffe r e n c ebetw e e n clo udy c o nditlo n and cle a r
c o ndltio n･ W e un de r sta nd that the r eliability ofclo ud r adlativ efo r cingis depe nding o n ho w
a c c u r ately w e c a n e stim atet he cle a r r adlan ce .
In this study, c ollo c ated E R B Eand A V H R R data a r e u s ed to c o mpa r eE R B Esho rt- w a v e
a nd lo ng- w a v enu x e s at the top of the atm osphe r e. and clo ud/clo ud-fr e elnfo rr n atlo nbyA V 71 R R
data･within the fo otprint ofthe E RBE. The E R BE S- 8 data in clude s c e n eI Dw hich indic ate s
clear･ pa rtly clo udy a nd o v e r c a st within afo otprint･ W e ll Sed this s c e n eI D fo r s el ctingclo ud fre e
data fo rthe E R B E data ･ On the othe rha nd, the spatial u nifo r mi ty a nd m e a nbrightn e s s
te m peratu re of 1 1pn ofA VH R Rwithin the E R B E fo otprint a re u s ed to lde ntiBr E RBE clo ud fr e e
S c e n e. To a s s e s sthe s e cle a r s c e n eI D a nd cle a r s c e n ed te r min ed fro m A V H R Rw e
c o mpa r ed with visible re丑ectlvity and sho rt- w a v e丑u x e s.
2. Dat a
T hls 8tudy 皿 a女e s u s e ofc ollo c ated AVHRR and E R BE ob8 e rv atio rlS m ade fr o mt he N O A A1
9 pola r o rbiting s atellite, o v e rthe e a ste rnPacific(1 5 S- S らs. 7 5W - 100 W)fo rthe ye a r s19 8 5a nd
1 9 8 6･ T he NO A A- 9 n o mirlal equ ato r c ro s与hgtim e s a r e0 9 0 0 U T Ca nd 2 1 0 0 U T C.
T he A VHR R data u s edln this Studyis the Glqbal Ar e aCo v e r age(G A C)data which ha s a
n o min alr e s olutio n at n adlr of 4 km ･ The A V H R R has Bv e spe ctral bandpa s s e s= C han n el 1(0.5 61
0･6 8(pm); C ha rlZl e1 2(･7 25･ 1･1(pm); °ha n -l eュ3(3.55- 3.9 3(pm); C han n el 4(10. 3 -l l.3(pm); and
C ha n n el5(11･5- 1 215(pm)･ T he s efiv e cha n n els a r elo c atedln spe ctr al r egio ns where atm o sphe ric
ga s e s a r e cha r a cte rized by w e ak abs o rptio n･ T he A V HRR data a r ethe r efo r ego od fo r
stu dying s u rfa c eprope rtie8･ S uch a s s e a s u rfa c ete mpe ratu r e a nd v egetation pro pertie s. a nd
cloud top pr ope rtie s･ In o u et19 87)de veloped a clo ud ty pe cla s siBc atlo n. r eferr ed to a sthe split
windo wte chniqu e. ba s ed o nthe equiv ale nt brlghtn e s ste mpe r atu reln C han n el 4(B T l 1)a nd the
te mpe ratu re diffe r?n e ebetw e e nChann el 4a nd 5(B T D)･ T he B T Dis e s s e ntlalto cla s sib, clo ud
fr e e,opticalythin cl 汀 u S and optic allythick clo uds .
E R B Eobs erv atio n s a r e u s ed to spe cifythe br o ad ba nd e n e rgybu dget at the top ofthe
atm o sphere･ Atn adir the E R BE fo otprint ls appro xim ate 3 5 km ･ T he E R B Es c a n ni gin str u m e nt
ha sbe e ndis c u s s ed by Kopla(1 9 8 6). T he method ofln v e rtlng the in sta nta n e o u s s c a n n e r
obs e r v atio n sto the top oft he atm o sphe r eflu x es is dis c u s s ed in Ba rkstr o m et al(1 9 8 9). a nd
S mith et al(1 9 8 6).
Collo c atlo n ofthe A V H R Rpix els wltb the E R B E footprintls a c c o mplished ba s ed o n the
m ethod de v eloped byAcke r m a n et al. (19 9 2). Acke r m a n a nd In o u e(1 9 94). T he m ethod is ba s ed
o nthe s ca n ning ge o m etry of bothin str um e nts .
3･ Cle a rD ata An alysis
T he fir st step ls to dete rmi n e the cle a r- sky thr e sholds of brightn e s ste mpe r atu refo r
I 1LL m(BTl 1)a nd brightn e s ste mperature diffe r e n c ebetw ee nthe 1 lpm and 1 2um(B TD)fo r e a ch
2･5Ⅹ2･5 latitude/lo ngitude r egio n within the a r e a ofstudy･ This is a c c o mplished thr o ugh a n alyze
of3Ⅹ3 gr o ups of A V H RR pix els ･ In step l･ a fir stgu e s sthre sholdofB T l1 ls dete r min ed u singt he
spatial cohere n c e ap pr o a ch of Co akley a nd Br ethe rto n(1 9 8 2)･ The spatialc ohe r e n c e m ethodls
u s ed to e stim ate the cle a r･ - Sky thr esholds fo r 8 Tll , specified a s the fo ot of th e
rfo otr ofthe cle a r- sky a r ch.
In the s e c o nd pa s sthro ugh the data . only tho se3x3gr o ups ofpix els that ha ve a 8tarldard
de viatio nle s stha nO･4 Ca nd a m e a nB Tl I thatls gre ate rtha nthe initialthr e shold s ele cted by
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the spatlal c ohe r en ce a n alysis a r e c o n slde r ed･ E a ch gr o up of AV H R Rpix els is a s sign ed a n
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id bo x 訂 ethen
Ha vlng畠elected a cle a r
- Skythr e sholdthatis afun ctlo n of m o nth a ridge ogr aphic r egion . a
thirdpas sthr o ugh the data i8 m ade･ In this fin alpa s s･ e a chindividu al A V H R Rpix elthat 1
e 8
withln and E R SE fo otprint ls cla s8i&ed u singthe pr edete r min ed cle a rBTl 1a nd B T Da c co rding
to the split windo wte chniqu e,
4. Re s ults
The cle a r s c en eI Dis c o mpa r ed with the a v e r age visib le r efle ctivlty c o mputed fro m
c ono c ated A V = RR pixd s･ T he cle a r s c e ndeter min ed 丘o m the c ollo c ated A V H RR 18 also c o mpa r
ed
巾th the vlslble re皿ectlvlty･ In dete r min atio n ofclo ud fr e efo otprlnt･ onlyinfr a r ed data i8 u sed a s
w a s Stated befo r e･ Figu re1- a sho w sthe blv a rlate histogr a 皿fo r s c e n elDand vlsible refle ctlvity･
The sc e n eI Dof 1 0lndic ate 8 Clo ud 丘
･
e e. and 6 0indic ate spartly clo udy･ We c a n s e e m o st ofthe
cle a rs c e ne lDh dlc ate sthe vi$lble r efle ctivltyi8le s stha n5% ･ Sa m efe atu re s a r e se e nin F鳩u rel
-
bfo rthe data which clo ud c ov e r wlthln the fo otprint isle s stha n5 %. Ho w e v e r･ the r e a
re so m e
data forthe highe r vlslble r efle ctivity ev e nforthe cle ar sc e n elDa nd the do ud c o v e rle s stha n
5% .
altho ugh clo ud c o v e rless than 5% sho w s s malle r n u mbe r of data tha n that o
fcle a r s c e n eI D･
F igu r e2 show s s c atte rplots ofvisible r ene ctlvlty and s c e n etD fo rthe dat
a of Jan u a ryln
1 9 8 6(b)a nd otherdate(a)･ Figu r e3 sho w ss c atte rplots ofv181ble r efle ctlvlty a nd clo udin e s s(%)I
we ca n s e e r elativ elyhighe r visible r ene ctlvltyfor both cle a r s c e n eI D and clou d co v erle s sth an 5
%forthe c a s e ofJan u a ryin 1 9 8 61 Othe rdata Sho w m u ch lo w ervisible r efle ctivity tha nthls･ W
e
sim ply c o n side rthat s o m ebaddata are in cluded fo rthe data in Ja
n u a ry･ Fu rther岳tudy ls
r equir ed to study this r e a S O n･ G e n e r ally spe aking･ both s c e n eID a nd clo ud c o v e rle s stha
n 5%
show re a s on able agr e e m e nt wi th vlslble r ene cta n c e･
Figu r e4 sho w sthe short- w a v eflu j(W/m
･
m) a nd lo ng･ w a v enu x(W/m
＋
m)atthe top of
the atm o sphe re r etrie v ed fro m E R B Eobs e rv atio n sfo rt he cle a r s c
e n elD(a)and cle ar s c e n eby
A V H RR(b). T his in dic ate s s m allerS W fo rthe clo ud c o v erles stha n5% than cle ar s c e n el D･ T his
8 ugge 8t the u s e of A V H R Rsho w sless c o nta 皿1n ated with clo uds ･
Flgu r e5- a r epr e s e nts the histog a m ofclo ud c o v e rdete r min ed fr o mthe c o
llocated A V H R R
for the cle a r s c e n eID fo otprint･ T his m e a n s m o st Ofcle a r s c e n eIDc o rr e sp
o ndsto clo ud c o v e r18
le s sth an 1 0 % but s o m e ar e c o nta min ated by clo ud upto l O O % bythe clo ud c o v e r e stiT n ate fro m
cono cated A V H R R･ T he highe r clo ud c o v er mightbe c a u s ed by optical ly thin cir r u s clo uds･ Fig
u re
5･b sho w sthe hlstogra 皿 Of8 C e n eI D(1 01s de a r a nd 6 01s pa rtiany Clo udy)for the E R B
E fo otprint
whichls c o v e r ed by cloud le s sth an 5 % dete r min ed fr o m c ollo c ated
A V H R R data ･ The 9 0 %of the
cle a r s c e n edete r 皿Ined byA V H RR agre e with cle a r sc e n eIDof l O･
5. S11 m m a ∫y
T he r eliability ofclo ud r adiativ eforcingls depe ndingho w cle ardata ls a c u rate･ Sin c ethe
clo ud r adlatlv efo r cing18 defin ed a sthe flu xdiffe r e n c ebetw e e n clo udy c o
nditio n s a nd cle a r
c o nditio n s. T he cle a r s c e n e of E RBEfo otprintls dete r min edfro m c olloc ated A V H R Rinfr ar ed
data. This cle a rER B E 6o otprlnt is c o mpa r ed withcle a r畠C e n eIDa s s唱nFd by E RBE･T he cle a r s c e
n
IDa nd cle a r s c e n e which is dete rmin ed byA V =R Rsho w r e a s o n able age e m e nt ln te r m sOf both
s m alle r visible r ene ctivitya nd s m alle r sho rtw a v eflu xge n e r ally･ Ho we v e r, t he u s e ofc ollo
c ated
AV H R Rlrldlc ate sbetter res ults, 81n c eitin dic ate s Which sho w ss mal le r sho rt
- w av eflu x e s【le s s
c o nt amin ated with clo ud).
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Figu r e1- a(left). 1b(right)･ T he biv a riate histogr a mfo r s c e n eID a nd vlslble refle ctivlty(left) and
clo udln e s s【%)by c ollo c ated A V H R R(right)I
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Figu re 2 T he 8 C atte rplots ofvlslble r e且e ctlvi ty a nd sce n eIDfo rthe data of Ja nu a ryln 1 9 8 6(b)
a nd ot he rdate(a〕.
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Figu r e3 The 8 C atte rplots ofvislble r efle ctlvity and clo udln e s s(%)fo rthe data of Ja n u a ryin 1 9 8 6
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Figu r e5- a T he histogra m ofclo ud c o v e rdeter min ed fro m the c ollo cated AVH R R fo rthe c
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Figur e5･ b The histogr am Ofs c e n eI D(1 01s cle a r and 6 01s pa rtially cloudy)fo rthe cle a rE R B
E
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